. There is a need for a sensitive bioassay with which the developmental effects of environmental estrogens can be determined. Reptiles with temperature-dependent sex determination (TSD), in which the incubation temperature of the egg determines the sex of the individual, may provide such a bioassay. Evidence of PCBs acting as estrogens in a TSD species may contribute to a clearer understanding of how estrogens may lead to reproductive dysfunction.
The red-eared slider turtle, Trachemys scripta, is a species that possesses a TSD pattern in which warm incubation temperatures, (e.g., 310C) produce all female hatchlings, whereas cooler incubation temperatures (e.g., 260C) produce all male hatchlings; intermediate temperatures (between 29.0 and 30.0C) result in varying ratios of males and females (8, 9) . In reptiles with TSD, the actions of estrogen mimic those of temperature with regard to gonadal differentiation (10, 11) . In the redeared slider, as in many other TSD species, exogenous estrogens applied to the eggshell during the period of sexual differentiation can counteract the effects of male-producing temperatures and induce ovarian development (12-15).
Materials and Methods
Eggs for these experiments were purchased from Robert Kliebert (Hammond, Louisiana) and incubated on a layer of vermiculite: water (1:1) in temperature-controlled chambers (27.8 or 260C). We monitored embryonic development by candling eggs during early stages, then by dissecting a small sample of eggs approximately twice a week to determine specific developmental stages. At the beginning of the period of gonadal differentiation (stage 17: approximately 4 weeks from the date eggs are laid), which coincides with the developmental stage at which the embryos are sensitive to the effects of exogenous estradiol (10, 11) , eggs were randomly assigned to treatment groups and spotted with either PCB compounds (Ultra Scientific, Hope, Rhode Island) in 95% ethanol, estradiol17f (Sigma, St. Louis, Missouri) in ethanol as a positive (hormone) control, or with ethanol alone as a negative (temperature) control. Incubation was continued at the experimental temperatures until hatch (approximately 7 more weeks at this temperature), at which time we dissected the hatchlings to determine resulting sex ratios. We determined gonadal sex and status of genital ducts by visualization under a dissection microscope and verified sex histologically, as described previously for this species (8, 9) . In all cases that the gonad was female, the oviducts or MUllerian ducts were present. In some cases in which testes developed, the MUllerian ducts were also present, indicating estrogenic activity.
Results and Discussion
In the first experiment, 11 different PCB compounds believed to be estrogenic (16) were applied individually to eggs incubated at 27.80C. As shown in Table 1 (17) .
Because purified PCB compounds are rarely found in the environment, we decided in the second series of experiments to look at combinations of the same PCBs.
All eggs were incubated at 27.80C and received a low (10 pg), medium (100 mg), or high (145-190 lig) dose of compounds in ethanol. Some eggs received a cocktail of all PCBs except the two that caused sex reversal (F and G). Others were exposed to combined hydroxybiphenyls, excluding F and G. Lastly, some eggs were spotted with combined nonhydroxylated PCBs. In all three conditions, there was no evidence of sex reversal. Because we knew compounds F and G showed estrogenic activity at the slightly higher temperature, we decided to test these two compounds at a temperature that produces 100% males (260C). Both compounds showed significant sex reversal at this temperature (Fig. 1) . When combined, F and G synergized, resulting in a significant increase in ovarian development at a dose of 10 pg, or less than 1 ppm (Fisher's Exact Test, p < 0.01), whereas F alone and G alone required at least a 10-fold higher dose to show sex reversal. Exogenous estradiol-17f produces similar results at a dose of 0.5 jig, or .04 ppm (9) . As with the earlier experiments involving compounds F and G, whenever the gonad was feminized, the oviducts were retained, and in some cases where testes developed, there were also MUllerian ducts present.
The nature of TSD in this and other reptile species provides a useful system in which to assay the extent of estrogenic activity found in xenobiotic compounds. This report contributes laboratory evidence of the effect of PCBs on sex determination, emphasizing the usefulness of a TSD species as a biomarker to assess environmental contamination and serve as a warning of conditions threatening wildlife populations. The PCB levels reported here as effective in disrupting normal gonadal differentiation in the turtles are comparable to average levels of PCBs found in human breast milk in industrialized nations (3) . In addition, this study supports the contention that environmental estrogens, through their action on reproductive development, have the potential to alter wildlife populations as well as contribute to reproductive dysfunction in humans (3) (4) (5) (6) (7) .
Future studies investigating the mechanisms through which these estrogenic compounds act to affect sex differentiation will continue to shed light on a human contribution to the environment.
